Introduction The importance of accidental catheter removal (ACR) lies in the complications caused by the removal itself and by catheter reinsertion. To the best of our knowledge, no studies have analyzed accidental removal of various types of catheters in the intensive care unit (ICU). The objective of the present study was to analyze the incidence of ACR for all types of catheters in the ICU. Methods This was a prospective and observational study, conducted in a 24-bed medical/surgical ICU in a university hospital. We included all consecutive patients admitted to the ICU over 18 months (1 May 2000 to 31 October 2001). The incidences of ACR for all types of catheters (both per 100 catheters and per 100 catheter-days) were determined. Results A total of 988 patients were included. There were no significant differences in ACR incidence between the four central venous access sites (peripheral, jugular, subclavian and femoral) or between the four arterial access sites (radial, femoral, pedal and humeral). However, the incidence of ACR was higher for arterial than for central venous catheters (1.12/100 catheter-days versus 2.02/100 catheterdays; P < 0.001). The incidences of ACR/100 nonvascular catheter-days were as follows: endotracheal tube 0.79; nasogastric tube 4.48; urinary catheter 0.32; thoracic drain 0.56; abdominal drain 0.67; and intraventricular brain drain 0.66. Conclusion We found ACR incidences for central venous catheter, arterial catheter, endotracheal tube, nasogastric tube and urinary catheter that are similar to those reported in previous studies. We could not find studies that analyzed the ACR for thoracic, abdominal, intraventricular brain and cardiac surgical drains, but we believe that our rates are acceptable. To minimize ACR, it is necessary to monitor its incidence carefully and to implement preventive measures. In our view, according to establish quality standards, findings should be reported as ACR incidence per 100 catheters and per 100 catheter-days, for all types of catheters.
Introduction
Use of catheters in critically ill patients is routine. In the European Prevalence of Infection in Intensive Care (EPIC) study [1] , the following catheters were required in the management of critically ill patients: urinary catheter (75%), central venous catheter (64%), orotracheal tube (62%), arterial catheter (44%) and thoracic drain (14%). Use of catheters carries risks for complications such as nosocomial infection and accidental removal. Catheter-related infection has been studied extensively owing to the clinical and economic repercussions [2] [3] [4] [5] [6] [7] . However, accidental catheter removal (ACR) has received little attention. There are considerable data on ACR of orotra-cheal tubes, but few reports have been published on ACR of vascular catheters and nasogastric tubes, and scarcely any on other drainage types (urinary, thoracic, abdominal, intraventricular brain or cardiac surgical drain). Furthermore, to the best of our knowledge, no studies have analyzed accidental removal of various types of catheters in the intensive care unit (ICU). The importance of ACR lies in the potentially life-threatening complications that can result from the removal itself and from catheter reinsertion. Among the complications of accidental removal of vascular catheters per se are interruption to vital drug therapy (such as inotropes/vasopressors) or renal replacement therapy, and haemorrhagic shock. Unplanned endotracheal extubation has been associated with serious complications such as arrhythmias, haemodynamic instability, aspiration pneumonia and death. ACR of thoracic drains can result in pneumothorax and/or haemothorax. Following ACR of an abdominal drain, blood and purulent fluids can accumulate, ultimately resulting in development of sepsis.
Hydrocephalus is a possible outcome following ACR of a catheter being used for intraventricular brain drainage, and ACR of a cardiac surgical drain can result in cardiac tamponade. Complications arising from subclavian or jugular venous catheter reinsertion include pneumothorax and/or haemothorax. Endotracheal reintubation can lead to nosocomial pneumonia, and reinsertion of new drains can result in haemorrhage or nosocomial infection.
The objective of the present study was to determine the incidence of ACR for all catheter types used in the ICU and to report the data in a standardized and comparable way, with a view to establishing quality standards.
Methods
An 18-month prospective study was performed that included all patients admitted to the 24-bed ICU of the Hospital Universitario de Canarias (Tenerife) between 1 May 2000 and 31 October 2001.
Interventions implemented to minimize the incidence of ACR were as follows. All patients were cared for by physicians who were board-certified in critical medicine and by nurses who were experienced in critical care. The ratio of nurses to patients was 1:2. Vital signs were recorded every hour. We standardized certain procedures, such as the method of securing endotracheal and nasogastric tubes, the use of sedation, and the use of hand and chest restraints. Active communication between staff and patients was encouraged. Unnecessary delays to elective removal of catheters and tubes were avoided; physicians and nurses were advised to be attentive and vigilant in order to minimize the likelihood of such delays. Housestaff were educated on the appropriate use of sedatives and analgesic agents. Appropriate sedation was considered to be present when patients were asleep but responsive to verbal or mild tactile stimulation. Sedation was prescribed when necessary, according to the physician's discretion. Both wrist and chest restraints were used when deemed necessary by the nursing staff. In agitated patients, nurses checked, at least once each shift, that the upper extremities were held adequately so that the patient's hands were more than 20 cm away from any catheter or tube. All central venous or arterial catheters and drains were sutured in place with 1/0 silk suture. The percutaneous entry sites of the catheters and drainages were examined and cared for, every 24 hours, by the ICU nurse assigned to the patient. Nasogastric tubes were secured to the nose using adhesive tape. The orotracheal route was preferred for endotracheal intubation. The endotracheal tubes were secured around the neck using adhesive tape, and the position of the tube at the teeth was noted at least once per shift, with the objective being to detect any short displacements and then correct the position of the tube. Two teams of staff collected the following data: age, sex, diagnosis, Acute Physiology and Chronic Health Evaluation (APACHE) II score, ICU admission and discharge dates, catheter placement and removal dates, and cause of catheter removal (planned or accidental).
The following three groups of catheters were studied: central venous catheters, including peripherally inserted central venous catheters, and jugular, subclavian and femoral access sites; arterial catheters, including radial, femoral, pedal and humeral arterial catheters; and nonvascular catheters, including endotracheal tube, nasogastric tube, urinary catheter, and thoracic, abdominal, intraventricular brain and cardiac surgical drains.
We considered ACR to be the unplanned removal of a catheter either by the patient or by the staff. The patient can cause ACR either by taking hold of the catheter in their hands or by making voluntary movements that lead directly the removal. The staff can be responsible for ACR as a consecuence of inappropriate handling.
To ensure that the recorded data were of good quality, the two teams of staff who collected the data reviewed the reports.
Statistical analysis was performed using SPSS 11.0 (SPSS Inc., Chicago, IL, USA) and LogXact 4.1 (Cytel Software, Cambridge, MA, USA) programs. Continuous variables are reported as mean with standard deviation, and categorical variables as percentages. ACR is reported as follows: percentage of catheters accidentally removed and number of accidental removals/100 catheter-days. Mean catheterization time was calculated by dividing the number of catheter-days by the number of catheterized patients. The incidence density of ACR, per 100 days of risk, between the different arterial and venous catheters was compared using Poisson distributions, and the Bonferroni correction was used to correct for multiple testing. According to Bonferroni's adjustment, P < 0.008 was considered statistically significant.
Results
A total of 988 patients were included, and 594 (60.12%) were male. The mean age of the patients was 55.63 ± 18.49 years (median 62 years, interquartile range 45-71 years), the mean APACHE II score was 13.65 ± 5.83 (median 14, interquartile range 10-18) and the mean length of ICU stay was 8.65 ± 12.34 days (median 4 days, interquartile range 2-11 days). A total of 142 (14.37%) patients died. Admission diagnoses were as follows: 491 (49.69%) heart surgery, 85 (8.60%) cardiological, 129 (12.14%) neurological, 117 (11.84%) trauma, 72 (7.29%) respiratory, 65 (6.58%) digestive and 29 (2.93%) intoxication.
Some type of central venous catheter was used in 890 of 988 patients (90.08%; Table 1 ). Of the 988 patients, a central venous catheter by peripheral access was employed in 257 (26.01%), jugular venous access in 618 (62.55%), subclavian venous catheterization in 321 (32.48%) and femoral venous catheterization in 111 (11.23%). No significant differences were found in the incidence of ACR between the various central venous catheters.
Some type of arterial catheter was used in 817 of 988 patients (82.69%; Table 2 ). Of the 988 patients, radial arterial catheterization was used in 753 (76.21%), femoral arterial access in 111 (11.23%), pedal arterial catheter in 27 (2.73%) and humeral arterial catheterization in 16 (1.62%). No significant differences were found in the incidence of ACR between the various arterial access catheters. The incidence of ACR was significantly higher in arterial than in central venous catheters (1.12/100 catheter-days versus 0.20/100 catheter-days; P < 0.001).
Data on nonvascular catheters are reported in the Table 3 . Of the 988 patients, endotracheal intubation was necessary in 803 (81.27%), nasogastric tube in 861 (87.14%), urinary catheter in 874 (88.46%), drainage tube following cardiac surgery in 491 (49.69%), thoracic drain in 70 (7.08%), abdominal drain in 65 (6.57%) and intraventricular brain drainage tube in 68 (6.89%).
Discussion
Before we undertook the present study we conducted a survey of the literature, which revealed four studies on accidental removal of endotracheal tube, arterial catheter, central venous catheter and nasogastric tube [8] [9] [10] [11] , but in all of those studies there were certian limitations in the data on ACR. Specifically, accidental removal of urinary catheters was not studied in the studies apart from that by García and coworkers [9] ; the various central venous and arterial catheters were not classified, except in the study conducted by Marcos and coworkers [8] ; and other drains (e.g. thoracic, abdominal, intraventricular 1 We found no significant differences between the various central venous catheters (CVCs) in the incidence of accidental catheter removal (ACR)/ 100 CVC-days. MCT, mean catheterization time. brain and cardiac surgical) were not mentioned. We could not find any studies that analyzed accidental removal of the various types of catheters in the ICU, or that reported data as a percentage of catheters accidentally removed and as ACR incidence density (number of accidental removals/100 catheterdays).
Our global ACR rates for the four central venous catheter sites (1.43% of catheters and 0.20/100 catheter-days) were similar to those published previously [8] [9] [10] [11] [12] [13] , which range between 0% and 7.5% of catheters and between 0 and 1.2/100 catheter-days.
Marcos and coworkers [8] analyzed accidental removal of various central venous catheters and found the following ACR incidences (presented per 100 catheters and per 100 catheter-days, respectively): subclavian 0%; jugular 5% and 1.4; femoral 15% and 1.9; and peripheral access 7.6% and 1.1. In the present study we found no differences in the incidence of ACR between the various central venous access sites. The discrepancy between our findings and those of Marcos and coworkers may be due to differences in sample sizes (72 patients in the study by Marcos and coworkers and 988 in the present study).
The previously reported ranges for global ACR incidence are 0-29% of catheters and 0-4.6/100 catheter-days [8] [9] [10] [11] . Our global ACR findings for the four different arterial catheter sites (6.49% of catheters and 1.11/100 catheter-days) are within those ranges. In the study conducted by Marcos and coworkers [8] , radial artery ACR occurred in 12% of catheters and in 1.8/100 catheter-days, and femoral artery ACR occurred in 21% of catheters. In the present study we did not find significant differences between the four arterial sites. Again, the discrepancy in findings between the present study and that conducted by Marcos and coworkers may be attributable to differences in sample sizes.
In accordance with other studies [8] [9] [10] , we found a significantly higher ACR incidence for arterial catheters than for central venous catheters (1.12/100 catheter-days versus 0.20/ 100 catheter-days). We believe that this is attributable to the fact that the length of venous catheters inserted is greater than that of arterial catheters.
Our accidental endotracheal extubation rate was close to the lower limit reported in the literature [8] [9] [10] [11] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] (reported ranges 0-17% of tubes and 0-2.5 extubations/100 catheterdays). With respect to nasogastric tubes, previous studies [8] [9] [10] [11] reported ACR incidences of 2-41% of tubes and 2.28-7.4/100 catheter-days; our rates were within those limits. In relation to the urinary catheter ACR, our incidences were similar to those reported in previous studies, namely 5% of catheters and 0.34/100 catheter-days [8] [9] [10] [11] . We could not find studies that analyzed the ACR incidence of thoracic, abdominal, intraventricular brain and cardiac surgical drains, but we believe that our rates are acceptable.
Our study has two important limitations. The first is the absence of a multivariate analysis to control for possible confounders in the density incidence of ACR. The second limitation is that the study was observational, and the various vascular insertion sites were compared without randomization. Despite these limitations, we hope that we have made a contribution toward establishing quality standards with the results of the present study.
We believe that, to minimize ACR, it is necessary to monitor its incidence carefully and to implement preventive measures. Our preventive measures are similar to those employed by other investigators [8] [9] [10] 14, 23] .
Conclusion
In conclusion, our ACR rates for central venous catheter, arterial catheter, endotracheal tube, nasograstric tube and urinary catheter are similar to those reported in previous studies. We could not find studies that analyzed the ACR incidence for thoracic, abdominal, intraventricular brain and cardiac surgery drains, but we believe that our rates are acceptable. We believe that to minimize ACR, it is necessary to monitor its incidence carefully and to implement preventive measures. It is necessary to analyze all types of catheter used and to report the data in a standardized and comparable manner, such as percentage of catheters accidentally removed and number of ACRs/100 catheter-days.
